From June to September 2012, 500 urine samples were recovered from patients with urinary tract infections (UTI) due to Gramnegative bacilli (>10 4 leukocytes/ml and >10 5 Gram-negative isolates/ml) who visited the University hospital Bicêtre (France). They were challenged with extended-spectrum-␤-lactamase (ESBL)-producing Enterobacteriaceae (ESBL-E) using the rapid diagnostic ESBL NDP test. Results of the ESBL NDP test were compared to the results of the double-disc susceptibility test (DDST) performed on solid-agar plates and molecular identification of the ␤-lactamase genes. Among the 450 nonduplicate urine samples, 11.3% were positive for ESBL-E by using the DDST, the ESBL determinants being mostly of the CTX-M type (CTX-M-15) according to molecular testing. Results of the ESBL NDP test were obtained within 15 min. The sensitivity and specificity of the ESBL NDP test were 98% and 99.8%, respectively, whereas the positive and negative predictive values of this test were 98% and 99.8%, respectively. A perfect correlation between cefotaxime resistance and positivity of the ESBL NDP test was observed. Therefore, the ESBL NDP test offers a powerful tool for a rapid identification of ESBL-E and associated resistance to expandedspectrum cephalosporins. It may be useful in particular for guiding first-line antibiotic therapy.
U
rinary tract infections (UTIs) are the most prevalent infectious diseases, with an estimated overall incidence of 18/1,000 persons per year in the United States (1) . According to the Centers for Disease Control and Prevention, UTIs that are mostly due to Escherichia coli account for more than 8.6 million visits to health care professionals each year in the United States (1, 2) . In addition, multidrug resistance is now emerging worldwide among Gramnegative organisms, which are mostly responsible for UTIs (2) .
One of the most important emerging resistance traits corresponds to resistance to broad-spectrum ␤-lactams in Enterobacteriaceae, which is mainly associated with acquired ESBLs of the CTX-M type (ESBL-E) (3, 4) . Hence, ESBL-E are usually resistant to most ␤-lactams except cefoxitin and carbapenems. Therefore, efficient treatment of those infections is becoming challenging due a concomitant and rapid increase of the prevalence rate of ESBL-E worldwide and the perspective of a paucity of novel antiGram-negative molecules (3, 4) .
The ESBL NDP test has been developed recently for rapid identification of ESBL-E (5). This test, based on the detection of hydrolysis of the ␤-lactam ring of cefotaxime, an extended-spectrum cephalosporin, is rapid, sensitive, and specific (5) . Results are obtained within less than 1 h, long before any antibiotic testing results are obtained (ca. 6 to 24 h). The ESBL NDP test has previously been validated using cultured bacteria (5) . Here, the test has been evaluated prospectively for its ability to detect ESBL-E responsible for UTIs directly from urine samples. Results showed that this test used directly with infected urine samples might be a useful guide for choosing a first-line antibiotic therapy.
(This work was presented to the European Congress of Clinical Microbiology and Infectious Diseases [ECCMID] in 2013 in Berlin, Germany.)
MATERIALS AND METHODS
Patient samples. Over a 4-month period (June to November 2012), all urine samples sent to the Microbiology laboratory of the hospital Bicêtre, a 950-bed university hospital in a suburb of Paris, France, were tested. Urine samples were analyzed for the presence of leukocytes and bacteria. First, leukocytes were manually counted using Kova slides (Hycor Biomedical, Penicuit, United Kingdom) and interpreted as recommended (UTI ϭ more than 10 4 leukocytes/ml [6] ). Gram staining and microscope reading were done on all urine samples with more than 10 4 leukocytes/ml by examining 50 fields. The presence of 1 or more microorganisms per field after observation of at least 20 fields was considered a positive result corresponding to more than 10 5 Gram-negative bacteria/ml. The precise number of bacteria present in the urine sample was subsequently obtained by serial dilutions and plating on UriSelect 4 medium (Bio-Rad, Marnesla-Coquette, France). CFU were counted after 24 h of incubation at 37°C. Only urine samples recovered from UTI due to Gram-negative bacilli (Ն10 4 leukocytes/ml and positive Gram-negative staining) were included in the study.
ESBL NDP test using urine samples. The ESBL NDP test was performed with 500 urine samples during the study period. The protocol of the ESBL NDP test for detection of the ESBL-E in urine samples was adapted from the original protocol published previously (5) . First, 4.5 ml of urine specimen was transferred into three 1.5-ml Eppendorf tubes (tubes A, B, and C) (each tube containing 1.5 ml of urine). After a centrifugation at 13,000 ϫ g during 2 min, the supernatant was discarded and the bacterial pellet was resuspended in 500 l of distilled water. After a second centrifugation at 13,000 ϫ g for 2 min, the supernatant was discarded and the bacterial pellet was resuspended in 100 l of Tris-HCl lysis buffer (B-PER II bacterial protein extraction reagent; Pierce/Thermo Scientific, Villebon-sur-Yvette, France) (20 mM). Then, 10 l of a concentrated tazobactam solution (40 mg/ml) was added to tube C. In tube A (internal control), 100 l of the revealing solution containing a pH indicator (phenol red) was added. In tubes B and C (test tubes), 100 l of an extemporaneously prepared revealing solution supplemented with cefotaxime at 6 mg/ml was added. Tubes A, B, and C were incubated at 37°C for a maximum of 15 min. Optical reading of the color change of each tube was used. The ESBL activity was detected through the transformation of cefotaxime into a carboxylic form, leading to a pH decrease revealed by a color change (red to yellow/orange) in tube B, and inhibition of this reaction by tazobactam leading to no color change in tube C. The results of the ESBL NDP test were interpreted as follows: (i) when tubes A, B, and C were red, a non-ESBL-producing isolate was present; (ii) when tube A was red, tube B was yellow/orange, and tube C was red, an ESBL-producing isolate was present; (iii) when tube A was red, tube B was yellow/orange, and tube C was yellow/orange, a cephalosporinase-producing strain or a cephalosporinase-plus-ESBL-producing strain was present; and (iv) when tubes A, B, and C were yellow/orange, the result was not interpretable. The phenol red revealing solution was prepared as previously described (5) . A series of 10 negative and 10 positive isolates (CTX-M-producing strains) were included in the study.
ESBL NDP test on colonies. After 24 h of incubation, the ESBL NDP test was performed on bacterial cultures recovered on UriSelect 4 nonselective chromogenic medium (Bio-Rad). Briefly, 100 l of Tris-HCl lysis buffer (B-PERII) (20 mM) was added in three 1.5-ml Eppendorf tubes (A, B, and C). Then, one-fourth to one-third of a single calibrated inoculation loop (10 l) of bacterial colonies was resuspended in each of those 100 l of Tris-HCl lysis buffer (20 mM). The final step of the protocol was identical to that described above.
Antibiotic susceptibility testing. Antibiotic susceptibility testing of bacterial colonies grown on UriSelect 4 (Bio-Rad) was performed by the disc diffusion method following the EUCAST recommendations. Results of the antibiogram (obtained at day 2) were interpreted according to the EUCAST breakpoints (www.eucast.org/clinical_breakpoints/), as updated in 2014. Since no EUCAST breakpoints have been determined for temocillin, those of the British Society for Antimicrobial Chemotherapy (susceptible, Յ8 mg/liter in systemic infections and Յ32 mg/liter in UTIs) were used. MICs of cefotaxime, ceftazidime, and cefepime were determined on Muller-Hinton (MH) agar and MH agar supplemented with 4 g/ml of tazobactam, respectively.
ESBL phenotypic detection. The double-disk synergy test (DDST) was performed for the phenotypic detection of ESBL producers according to the EUCAST recommendations, using cefotaxime, ceftazidime, cefixime, and cefepime disks on the one hand and a disk containing ticarcillin plus clavulanate on the other hand. For species naturally producing inducible AmpC (Enterobacter spp., Serratia spp., Morganella spp., Providentia spp., and Citrobacter freundii), the DDST was also performed on cloxacillin (150 g/ml)-containing MH agar plates (bioMérieux). The production of ESBLs was inferred by a synergy image as previously described (7, 8) . A DDST was performed in parallel to the antibiogram.
Molecular characterization of ESBLs. ESBL producers that have been also detected with the DDST were submitted to molecular characterization of the ESBL-encoding genes. Whole-cell DNAs were extracted using a QIAmp minikit (Qiagen, Les Ulis, France). PCR amplifications followed by sequencing of the entire ␤-lactamase genes were performed for bla TEM and bla SHV and for bla CTX-M and bla OXA using previously described primers (9) .
RESULTS
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Enterobacteriaceae. Among the urine samples that were sent to the laboratory, 500 were positive for Ն10 4 leukocytes/ml and positive for Gramnegative isolates after Gram staining (meaning Ն10
5 Gram-negative isolates/ml after culture). Among those 500 urine samples corresponding to Gram-negative bacilli, 450 were considered nonduplicate specimens. Among those 450 samples, 51 (11.3%) were positive for ESBL-E using the DDST (confirmed by PCR amplification and sequencing) as the reference technique. The percentage of UTI caused by ESBL-E was significantly higher for males (16.9%) than for females (8.9%) (P of Ͻ0.02) (Table 1) . However, no significant difference could be observed between the three classes of age (0 to 15 years, 16 to 65 years, and Ͼ65 years) ( Table 1 ). In addition, the percentages of ESBL-E isolated from urine recovered from micturition (9.2%) and from urinary catheters (15.2%) did not differ significantly ( Table 1) . The rates of UTIs caused by ESBL-E were similar (average ϭ 11.3%) regardless of the hospital setting in which the patients were hospitalized, except for the nephrology unit, where a significantly higher proportion was observed (35.7%, P of Ͻ0.0001), and the gynecology/ obstetric unit, where a significantly lower rate was observed (0%, P of Ͻ0.05) ( Table 1) .
Among the 51 ESBL-E-related UTIs, 33 E. coli, 10 Klebsiella pneumoniae, 5 Enterobacter cloacae, and 2 Citrobacter freundii isolates and 1 Citrobacter koseri isolate were identified ( Table 2 ). The majority of the ESBLs identified were of the CTX-M type (49/51, 96.1%), with CTX-M-15 being predominant (35/51, 68.6%). A single (E. coli) isolate produced two ESBLs (SHV-12 and CTX-M-3). All ESBL-E were resistant to cefotaxime (the substrate used in the ESBL NDP test) except a single E. coli isolate producing TEM-24 (Table 2 ). These isolates were also resistant to other non-␤-lactam antibiotics used for treating UTIs such as gentamicin (64.7%), cotrimoxazole (83.3%), fosfomycin (27.5%), ciprofloxacin (83.3%), amoxicillin plus clavulanate (29.4%), piperacillin plus tazobactam (13.7%), cefoxitin (15.7%), and nitrofurantoin (9.8%) and remained susceptible to all carbapenems (imipenem, ertapenem, and meropenem) and to temocillin.
Results of the ESBL NDP test performed directly on urine samples. Among the 450 nonduplicate urine specimens tested, the ESBL NDP test gave interpretable results with 444 samples (98.7%). A positive result was obtained for 49 samples, and 48 were confirmed as representing ESBL-E ( Fig. 1 and Table 2 ). A single urine sample containing an E. coli isolate producing narrow-spectrum-clavulanicacid-resistant OXA-1 gave a false-positive result. The ESBL NDP test gave negative results for 395 urine specimens that were all negative for ESBL-E (Fig. 1) . Among the six noninterpretable results, two results corresponded to urine samples containing ESBL-E whereas four corresponded to urine samples without ESBL-E. When performed directly on clinical urine samples with Ն10 4 leukocytes/ml and positive for Gram-negative isolates after Gram staining (and including only interpretable results), the ESBL NDP test had a sensitivity of 98%, a specificity of 99.8%, a positive predictive value (PPV) of 98%, and a negative predictive value (NPV) of 99.8%. Considering ESBL-E that were not detected because of the classification of noninterpretable results as false negative, the ESBL NDP test had a sensitivity of 94.1%, a specificity of 99.8%, a PPV of 98%, and a NPV of 99.3%.
Performance of the ESBL NDP test on cultured bacteria. When performed on grown colonies recovered from urine samples at day 1, interpretable results were obtained for all specimens with the ESBL NDP test. A total of 50 of the 51 ESBL-E specimens were correctly detected using the ESBL NDP test. A TEM-24 producer in E. coli isolates which did not confer resistance to cefotaxime was not detected (Table 2) . No false-positive result was obtained. When performed directly on cultured bacteria on UriSelect medium, the ESBL NDP test showed a sensitivity of 98%, a specificity of 100%, a PPV of 100%, and a NPV of 99.8%.
DISCUSSION
During this prospective study, 11.3% of those urine samples were positive for ESBL-E. This rate is similar to the rate obtained in a French survey of multidrug-resistant bacteria showing a rising prevalence rate of ESBL-E (10). This rate correlates with the rate of fecal carriage of ESBL-producing E. coli among healthy subjects reported recently from the Paris area (11) . The positivity rate for ESBL-E that was observed for males was higher than that observed for females, likely resulting from the nature of the UTI. In fact, UTIs in males are usually associated with underlying diseases and multiple episodes of treatment or/and hospitalization, which may in turn result in higher multidrug resistance of the UTI isolates.
Although a rapid and global spread of CTX-M-type ESBL-E has been observed since the 2000s, most of the ESBL-E recovered in this study accordingly produced a CTX-M-type ␤-lactamase, in particular, CTX-M-15.
Here, we showed the technical feasibility of the use of the ESBL-NDP test for determinations directly from urine samples. The protocol of the ESBL NDP test first devised with cultured bacteria has been modified here and led to a shorter period of detection, which was reduced from 60 min (5) to 15 min. Another chromogenic test called the Cica-␤-test or ␤Lacta test (Bio-Rad) has been recently developed for the rapid (15-min) detection of Enterobacteriaceae resistant to expanded-spectrum cephalosporins from cultures grown on agar media (12) (13) (14) . A prospective evaluation performed with the ␤Lacta test on enterobacterial isolates found sensitivity, specificity, PPV, and NPV values of 87.7%, 99.6%, 97.1%, and 98.2%, respectively (13) . However, the ␤Lacta test cannot differentiate between resistance to expanded-spectrum-generation cephalosporins due to ESBL production and resistance due to overexpressed (chromosomally encoded, plasmidacquired) AmpC. In addition, the ␤Lacta test may also detect several types of carbapenemases, raising the possibility of potential confusion between detection of carbapenemases and detection of ESBLs. The most recent study published using the ␤Lacta test reported on false-negative results obtained with AmpC overproducers, producers of ESBL at low levels, and producers of VIMtype carbapenemase (14) . In addition, the ␤Lacta test has not been evaluated for detection of ESBL-E directly from clinical samples. The rate of noninterpretable results with the ESBL NDP test is very low (1.3%), making this test adequate for routine use. A single negative result was obtained with a TEM-24 ESBL producer (Table 2) . Interestingly, this TEM-24 ESBL producer was susceptible to cefotaxime. Therefore, all cefotaxime-resistant isolates which were ESBL producers were perfectly detected by using the ESBL NDP test. The unique false-positive result was obtained with an OXA-1-producing E. coli isolate; however, this enzyme is not an ESBL, sensu stricto, since its activity is not inhibited by clavulanic acid whereas it hydrolyzes cefotaxime and cefepime when overproduced (15) . Of note, in our study, Gram staining and microscope reading were done systematically on all urine samples with more than 10 4 leukocytes/ml, leading to inclusion of only those urine samples recovered from true UTI due to Gram-negative bacilli. Accordingly, since several laboratories do not do Gram staining on urine samples, the results of the ESBL NDP test performed directly on all urine samples might differ slightly. Detection of those ESBL-E that are resistant to cefotaxime by using the ESBL NDP test is perfect. Therefore, by using the ESBL NDP test, we may not only detect ESBL producers for epidemiological purposes as recommended by the EUCAST and CLSI but also guide the first choice of antibiotherapy. For instance, temocillin might be an alternative to carbapenems for treatment as well as ␤-lactam/␤-lactam inhibitors such as the promising combination of ceftazidime plus avibactam. Its use may also reduce the median length of hospitalization due to the delay in introducing the appropriate therapy for treating infections due to ESBL-E (16) (17) (18) (19) .
In areas with a high prevalence of carbapenemase producers, the rapid Carba NP test could also be performed, for instance, for detection of KPC producers that may give positive results for both the ESBL NDP test and the Carba NP test; since those special carbapenemases hydrolyze both carbapenems and cefotaxime, with this hydrolytic activity being inhibited by clavulanic acid (20) . The ESBL NDP test will give negative results in the presence of a carbapenemase with metallo-␤-lactamase (hydrolysis of cefotaxime but no inhibition by clavulanic acid) as well as with a carbapenemase of the OXA-48 type (no hydrolysis of cefotaxime).
Fortunately, a low prevalence of carbapenemase producers as a source of UTIs is observed in the United States and many European countries. The latest study performed in France reported a 0.01% incidence of carbapenemase-producing E. coli infections (21) .
The use of the ESBL NDP test directly on clinical samples provides useful guidance for implementation of hygiene control measures at the early stage of the hospitalization (at day 0 and not 48 h later) in cases in which it shows positivity in particular for ESBL producers with respect to K. pneumoniae, which is the main species responsible for ESBL-E outbreaks (22) .
As a conclusion, we may be at the edge of a change of paradigm by detecting biochemical activity (ESBL or carbapenemase) directly from clinical samples and then waiting for confirmatory results from susceptibility testing.
